Background. Although techniques for off-pump coronary artery bypass grafting (CABG) are continually being refined, angiographic follow-up studies have indicated a higher rate of anastomoses-related stenoses than expected after traditional on-pump CABG. This study was performed to evaluate the use of intraoperative epicardial color Doppler ultrasound to quality-assess left internal mammary artery (LIMA) to left anterior descending coronary artery (LAD) anastomoses performed on the beating heart.
arly graft failure is a potential life-threatening complication after coronary artery bypass grafting (CABG) [1] . During off-pump CABG (OPCAB), the distal anastomoses are performed under suboptimal conditions and the incidence of technical abnormalities of distal anastomoses requiring revision have been reported to be as high as to 9.9% [2] , reflecting the need for an intraoperative method capable of detecting anastomotic errors. A reliable method for the assessment of the quality of distal anastomoses after OPCAB could reduce the frequency of graft occlusions caused by technical errors. Ideally, the method should be able to detect technical abnormalities intraoperatively, allowing instant revision of the anastomosis.
Angiography has until now been considered as the "golden standard" for assessment of anastomotic quality and several authors have recommended the routine use of early postoperative angiography [3] . Yet angiography is a time-consuming procedure not available in most operating rooms. The only widely recognized method of assessing graft function intraoperatively is transit-time flowmetry [4] . However, this method is of limited value because the observed flow is influenced by several hemodynamic variables such as blood pressure and vascular resistance.
Over the last 15 years several echocardiographic devices for visualization of coronary arteries and graft anastomoses have been tested in experimental models and intraoperatively in humans [5] [6] [7] . Unfortunately none of these devices have gained wide acceptance mainly because of their many technical limitations. We have previously reported our initial experience with a new linear array 10-MHz transducer specially designed for epicardial vascular ultrasound scanning during onpump CABG [8] , demonstrating its feasibility to detect and classify coronary artery stenoses. The severity score correlated significantly with the grading obtained from preoperative angiograms. Furthermore, ultrasound imaging allowed evaluation of the morphology of the anastomoses and a semiquantitative assessment of the flow velocity at the anastomotic site [8] .
Based on our previous positive experience with onpump CABG, we decided to test the device during OPCAB procedures. The present study was designed to establish a valid method of intraoperative qualityassessment of left internal mammary artery (LIMA) to left anterior descending artery (LAD) anastomoses with epicardial color Doppler ultrasound during off-pump surgery. 
Material and Methods

Patient Selection and Demographics
Surgical Technique
All operations were performed by the same surgeon (R.H.). Median sternotomy was used in all cases. After full heparinization (3 mg/kg), the LIMA was harvested with its pedicle and a diluted solution of papaverine was injected intraluminally. The activated clotting time was not allowed to drift below 270 seconds. The LAD was identified and snared with a 4-0 pledgeted polypropylene suture (Prolene; Ethicon, Somerville, NJ) proximally to the incision. After 3 to 5 minutes of ischemic preconditioning, the snare was released and an epicardial stabilizer was used to immobilize the target site chosen for grafting. After the incision of LAD, an intracoronary shunt (CardioThoracic Systems, Inc, Cupertino, CA) was positioned into the vessel lumen and the coronary anastomosis was performed using a continuous 7-0 or 8-0 (Prolene) suture. The LIMA pedicle was secured with two epicardial stitches using 7-0 polypropylene on both sides. After assessment of the graft, heparin was reversed with protamine. The stabilizer was then removed. 
Epicardial Ultrasound Scanning
Results
No
Comment
The present study demonstrates that epicardial color Doppler scanning with a new 10 MHz GE Vingmed transducer provides satisfactory visualization of LIMAto-LAD anastomoses, allowing accurate measurements Minor intraluminal protrusions at the toe were observed in nine of the anastomoses with a D 1 /D 2 ratio of less than 0.9. Incongruence or a slight bulging at the edges of the vessel walls where the graft and the LAD are joined together may explain these findings. However, no major changes in blood velocity were observed at these sites. Anastomoses may develop temporary edema, hematoma, and spasm, and some angiographic follow-up studies have suggested that some FitzGibbon B lesions seen with immediate or early postoperative angiography have spontaneously resolved at later coronary angiography [9, 11] . Transit-time flowmetry has been widely used to evaluate the quality of distal anastomoses after CABG. However, the lowest acceptable flow value in the LIMA graft has not been not defined and graft revision has been advised when flow ranges from 5 to 20 mL/min [4, 12] . This wide range indicates that the mean graft flow alone is not a reliable measurement for graft assessment, unless the stenosis is more than 75% to 90% [13, 14] 5-7, 18, 19] . Coronary branches located laterally or at the back of the heart could be scanned only during CPB because the dislocation of the heart caused hemodynamic instability. When performing OPCAB through a median sternotomy, the heart is exposed with pericardial stitches and modern stabilizers, allowing epicardial scanning of coronary vessels also on the inferior and lateral walls. In the present study we emphasized quality assessment of LIMA-to-LAD anastomosis. However, the design of the transducer allows epicardial imaging of all areas, and we plan to use it for assessing all distal anastomoses with the stabilizer still in place in future studies.
The early-generation transducers were able to provide only tissue images. In this study the color Doppler modality was obtained as a semiquantitative measure. Although color Doppler imaging may be given as an absolute velocity with the device used in our study, this measurement is still not reliable intraoperatively in a clinical setting because of difficulties in adjusting for the angle created between the transducer and the blood flow within the vessels. The latter problem points out that the technology of intraoperative color Doppler imaging in off-pump coronary surgery still needs further development, and the prognostic value of graft patency has yet to be evaluated by follow-up angiography. The introduction of this new transducer for epicardial imaging of small vessels with color Doppler features may enhance the widespread use of epicardial scanning in coronary artery surgery.
Conclusions
The present study demonstrated that epicardial color Doppler scanning with the new 10 MHz GE Vingmed transducer provides visualization of LIMA-to-LAD anastomoses that allows accurate measurements of the anastomosis. All these measurements are easily obtained without risk of any complications, are not timeconsuming, and provide important information about the geometry and flow pattern of the anastomosis. The introduction of this new transducer for epicardial imaging of small vessels with color Doppler features may enhance the widespread use of epicardial scanning in coronary artery surgery.
